INTRODUCTION
A neutral Ca2+-activated proteinase that required cysteine for activity was described in rat brain by Guroff (1964) . Since then, a family of Ca2+-dependent cysteine proteinases has been found in almost all mammalian and avian cells, together with an endogenous specific inhibitor (for review see Murachi, 1983) . This group of proteinases has been called calpains, and the endogenous inhibitor termed calpastatin.
Calpains (EC 3.4.22.17 ) with a high Ca2+-sensitivity (calpain I) and with a low Ca2+-sensitivity (calpain II) have usually been separated from each other via (NH4)2SO4 precipitation and DEAE-cellulose ionexchange chromatography (Mellgren, 1980; Dayton et al., 1981; Murachi et al., 1981; Malik et al., 1983; Yoshimura et al., 1983; Inomata et al., 1983; Croall & De Martino, 1984; Zimmerman & Schlaepfer, 1984) .
However, DEAE-cellulose ion-exchange chromatography does not separate calpain I from calpastatin (see, e.g., Inomata et al., 1983; Yoshimura et al., 1983) , and additional procedures are therefore required to separate these proteins.
Most of the work cited above used tissue that was not perfused, and that was subjected to handling for some period before homogenization. Separation of calpains I and II, and calpastatin, from each other usually took several days, with numerous purification steps.
The procedure now presented includes rapid perfusion of the tissue with EDTA before homogenization and a one-step procedure to separate calpains I and II from each other, and from the endogenous inhibitor, calpastatin. The entire procedure takes only 1 day and uses only one chromatographic step. ice-cold 5 mM-EDTA (adjusted to a pH of 8 with NaOH) through the left heart ventricle at a pressure of 150 cmH2O. The brain (wet weight approx. 7 g) was immediately dissected out and homogenized in 30 ml of ice-cold 10 mM-sodium borate buffer, pH 8, containing 5 mM-EDTA, 3 mm-NaN3 and 1 mM-dithiothreitol. The homogenate was homogenized twice in a Teflon/glass homogenizer with six up-and-down strokes at 1500 rev./min. After dilution with buffer to 70 ml, the sample was centrifuged at 90000 g for 2 h at 4 'C. The supernatant obtained was decanted, and solid NaCl was added to a final concentration of 200 mm. The sample was then allowed to reach room temperature (21 'C) and adjusted to pH 7.00 with NaOH or HCl. All subsequent work was carried out at room temperature.
Phenyl-Sepharose chromatography
The sample was applied to a column (15 cm x 0.8 cm) of phenyl-Sepharose equilibrated in 10 mM-sodium borate buffer, pH 7.00, containing 200 mM-NaCl, 3 mM-NaN3, 1 mM-dithiothreitol and 0.1 mM-EDTA at a rate of 50 ml/h. The column was washed with large volumes of equilibrating buffer and was then eluted with a linear gradient consisting of 150 ml of equilibrating buffer as starting buffer and 150 ml of 5 mM-sodium borate buffer, pH 8.0, containing 1.5 mM-NaN3, 1 mMdithiothreitol and 0.1 mM-EDTA as final buffer. The flow rate during the gradient elution was approx. 20 ml/h. Fractions of volume size 10 ml were collected, and 200,1 portions were assayed for proteolytic activity.
Proteinase assay
Casein. Casein was alkali-treated as described by Ashby & Walsh (1974) and stored at -20 'C in portions containing 5 mg of casein/ml in 50 mM-sodium borate buffer, pH 7.5,3 mM-NaN3 and 0.1 mM-EDTA. Immediately before an experiment the casein substrate was thawed and made to 1 mm in dithiothreitol and 4 mm in CaCl2 (unless otherwise specified). A 500,1u volume of substrate solution containing Ca2+ (Nakai et al., 1974) out and homogenized in 10 mM-Tris/HCl buffer, pH 7.5, containing 3 mM-NaN3 and 1 mM-EDTA. The homogenate was centrifuged at 100000 g for 60 min at 4 'C. The supernatant, containing soluble proteins, was diluted with homogenization buffer and stored in small portions at -80 'C. The pellet was resuspended in the same volume of buffer and stored in small portions at -80 'C.
Portions of volume 200 1l were thawed and added to 800 ,ul of enzyme solution. CaCl2 and MgCl2 (5 mm and 2 mm respectively, final concentrations) were added to start degradation. The mixture was incubated in a shaking water bath at 39 'C for 1 h. Degradation was stopped by adding 100 gl of 1000% trichloroacetic acid and 100 ,ul of bovine serum albumin (10 mg/ml). After centrifugation the radioactivity in the trichloroacetic acid supernatantwasmeasuredbyliquid-scintillationcounting.
Proteolytic activity was defined as increase of trichloroacetic acid-soluble radioactivity during incubation (zerotime values subtracted). It should be noted that the substrate contained a certain amount of endogenous proteolytic activity that was detected in the absence of added enzyme (see the legend to Fig. 4 ). 
RESULTS
The amount of Ca2+-dependent proteolytic activity in the high-speed supernatant from rabbit brain showed large variations between different experiments (results not shown). This may partly be due to the presence, in the extract, of endogenous inhibitor(s) of the enzymes.
When the supernatant was subjected to hydrophobicinteraction chromatography on a column of phenylSepharose 4B (Fig. 1) presence of 4 mM-Ca2+ at neutral pH (Fig. 1) . No proteolytic activity at all was detected in the absence of added Ca2 . Peak II was eluted at an approximate concentration of 100 mM-NaCl and at pH 7.4. Peak I was eluted at approx. 25 mM-NaCl and at pH 7.9. The relative amounts of proteolytic activity in the peaks compared with the total proteolytic activity eluted from the column were 31 + 30 for peak I and 66 + 3% for peak II (means + S.D., n = 5).
Proteolytic degradation of casein was linear with time for up to 1 h at 21°C (Fig. 2) Peaks I and II from the hydrophobic-interaction chromatography exhibited marked differences with respect to their Ca2+ requirements (Fig. 3) . Peak I required 150 /LM added Ca2+ for half-maximal activity, whereas peak II needed more than 1 mM-Ca2+ for half-maximal activity (Fig. 3) (Fig. 4) . Experimental conditions are similar to those indicated in Fig. 1 legend. , Proteolytic, activity against labelled rapidly transported membrane-bound proteins; the animal was injected with [3H]proline 20 h before being killed; . , proteolytic activity against slowly transported soluble proteins; the animal was injected with [3H]proline 20 days before being killed; NaCl concentration. It should be noted that substrate containing labelled proteins showed an endogenous proteolytic activity (Ca2+-stimulated), resulting in an elevated base-line of radioactivity. Material not bound to the phenyl-Sepharose is found in fractions 3-10. The major peaks of proteolytic activity (I and II) detected here corresponded exactly to peaks of caseinolytic activity. In this particular experiment the gradient consisted of 2 x 200 ml of buffer.
Vol. 231 14-2 203 'u membrane-bound proteins, from axons and nerve terminals of retinal ganglion cells (Fig. 4) . Besides peaks I and II, no other major proteolytic activity peak against the labelled substrates was detected in fractions from the phenyl-Sepharose column. It should be noted that the fractions that did not bind to the phenyl-Sepharose decreased the endogenous proteolytic degradation of the rapidly transported membrane proteins (Fig. 4) . This effect was not apparent for the slowly transported soluble proteins.
DISCUSSION
The results presented here demonstrate that it is possible to separate calpain I and calpain II from each other, and from calpastatin, with a simple one-step procedure. The procedure is rapid, and the enzymes are obtained 1 day after the killing of the animal. The methodology is based on the difference in hydrophobicity between calpain I and calpain II (and the inhibitor). Hydrophobic-interaction chromatography has previously been used to separate calpain I from the endogenous inhibitor (Inomata et al., 1983; Kawashima et al., 1984) after prior separation on an ion-exchanger. Yoshimura et al. (1983) have suggested previously that rat kidney calpain I seems to be more hydrophobic, since it was eluted from a Blue Sepharose column more slowly than was calpain II. The present results with hydrophobicinteraction chromatography of the soluble fraction from rabbit brain clearly show that calpain I activity was more tightly bound to the hydrophobic matrix than was calpain II. In all nine experiments performed, calpain II was eluted from the phenyl-Sepharose in a larger volume, and occasionally with shoulders, compared with the relatively sharp peak ofeluted calpain I activity. This may indicate that calpain II is more heterogeneous with respect to hydrophobicity compared with calpain I. Preliminary experiments with DEAE-cellulose chromatography of the separated enzymes do not indicate that calpain II is more heterogeneous than calpain I with respect to charge. Sodium dodecyl sulphate/polyacrylamide-gel electrophoresis of the fractions containing calpain I and calpain II revealed eight to 15 different polypeptide chains, including components of Mr 80000 and 20000.
The present study indicates that about one-third of the proteolytic activity in the soluble fraction from rabbit brain was due to calpain I, whereas the remaining proteolytic activity was due to calpain II. Similar results have been reported from rat brain supernatant (Zimmerman & Schlaepfer, 1984) and from rat brain synaptosomal membranes (Siman et al., 1983) . On the other hand, Malik et al. (1984) found more calpain I activity compared with calpain II in a calf brain synaptosomal fraction.
In agreement with many previous reports, alkalidenatured casein was a good substrate for the enzymes. It has been shown previously that calpains are able to degrade tubulin and neurofilament proteins (Malik et al., 1983) , as well as a number of different neuropeptides (Hirao & Takahashi, 1984) . In addition, the present study demonstrates that both calpain I and calpain II have very broad specificities. Both enzymes were capable of degrading slowly transported soluble proteins from axons of retinal ganglion cells. This fraction of neuronal proteins includes a large number ofdifferent polypeptides (for review see Karlsson, 1982) . Rapidly transported membrane proteins in the neuron include hundreds of different polypeptide chains (Stone et al., 1978; Wagner et al., 1979; Karlsson, 1982) . Both calpain I and calpain II were able to degrade a substantial part of these membrane-bound proteins.
It seems possible that the calpains are capable of degrading most of the cellular proteins as well as some exogenous proteins, such as casein, at least in vitro. We have previously shown that an endogenous Ca2+-activated neutral proteinase is capable of degrading rapidly axonally transported neuronal membrane proteins in a homogenate (Gustavsson & Karlsson, 1985) and in intact tissue pieces (S. Gustavsson & J.-O. Karlsson, unpublished work) .
